analyzed by conventional techniques. In this study, we indicate that DL-glutamic acid diethyl ester (Glu-di-OEt) is a good candidate for the substrate of papain-catalyzed synthesis of long-chain L-glutamic acid oligomers. Table I shows overall reaction yields (calculated from the amount of Glu consumed) and water-insoluble product yields (calculated from the Glu contents of acid-hydrolyzed precipitates) obtained by incubation of Glu-di-OEt containing different ratios ofd-and L-isomers with papain (EC 3.4.22.2;  recrystallized, Sigma Chemical Co.). The reaction did not yield any oligomerized products from the Table I . Saponified wholereaction mixtures were put on a columnof Protein Pak G-QA(8.2 x 75mm, Waters), and eluted with a NaCl concentration gradient (0.1 to 0.5 m over 30min) in 50mM Tris-HCl buffer (pH 9.0) at a flow rate of 1 ml/min. The figure on the top of each peak refers to its polymerization degree determined by FAB-MS.
isomers that were present in the reaction mixture and the acid-hydrolysate of the precipitate on reversed phase chromatography using a mobile phase composed of A^N-dimethyl L-phenylalanine and cupper acetate as a chiral eluent by the method of Wernicke.7) As shown in Fig. 1, over 80% of the L-isomer and nearly 30% of the D-isomer in the racemic substrate were converted to peptides after 24hr of the reaction. It is noteworthy that only 4.6% of the D-isomer was incorporated in the water-insoluble product that consisted of more than five residues. 5) Figure 2 shows anion exchange chromatograms of the saponified whole reaction mixtures prepared from l-and DL-Glu-di-OEt. There were no significant differences in the more highly polymerized product distribution, but a larger amount of di-and tripeptides was detected in the product derived from the racemic substrate, which indicated that 93% of the D-isomer used in the reaction was contained in the short-chain peptide fraction, mostly as dipeptides. Since the peptide bond formation catalyzed by papain can be explained by the acyl-enzyme mechanism,8) we also deduced that the oligomerization of the amino acid ester with a free a-amino group is initiated by the enzyme in a two-step process: the first is the acylation of Cys-25 of papain by one molecule of Glu-di-OEt and the second is the deacylation (aminolysis)
by another Glu-di-OEt. Berger and Schechter9) have demonstrated that the substrate binding site of papain comprises seven subsites, Si-S4 and S/-S3' (the numbering being away from the catalytic point), and that the S2 subsite is strictly stereospecific for L-amino acid residues and the S/-S2' subsites are also highly specific for L-residues. These properties of the active site are fairly compatible with our observation. In the early stage of the oligomerization the (L-L)-dipeptide ester will be formed preferentially and then elongated to long-chain L-oligomers through the reaction with L-Glu-di-OEt and/or L-peptide esters. After a significant amount of L-Glu-di-OEt is consumed (longchain L-oligomers are accumulated as a water-insoluble product), the (L-D)-dipeptide ester can be formed through the aminolysis by D-Glu-di-OEt the amount of which in the reaction system greatly exceeds that of the L-isomer at this time. A large portion of the (L-D)-dipeptide ester may remain unreacted in the late stage of the reaction, because it cannot form the acyl-enzyme and the concentrations of L-peptides and L-Glu-di-OEt remaining in the solution will be insufficient to cause further reaction. The time-lag observed in the use of the l-and D-isomers supports the above view, although the reaction mechanismof the oligomerization needs to be investigated further.
